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Description 



METHOD AND APPARATUS FOR 
REDUCING HOT SPOT TEMPERATURES 
ON STACKED FIELD WINDINGS 

Background of the Invention 

[0001] This invention relates generally to generator field wind- 
ings and, more specifically, to generator field windings 
configured and disposed on a generator rotor in a manner 
to reduce hot spot temperatures. 

[0002] Generator rotors are provided with radial slots about the 
periphery thereof, for receiving field or rotor windings of 
coils made up of a number of turns in a radially stacked 
arrangement, each turn or winding separated by insula- 
tion. The windings are retained in the slots by full-length 
wedges, with creepage blocks interposed between the 
wedges and the windings. 

[0003] Generators currently available from the assignee of the 

present application are placed in three major design clas- 
sifications based on the cooling medium used: air cooled, 



hydrogen cooled and liquid cooled. All hydrogen and wa- 
ter cooled generators use direct conductor cooling of the 
rotor winding for heat removal. Smaller two-pole and all 
four-pole generators use a radial flow design where hy- 
drogen enters the windings through full length sub-slots 
and is discharged along the length of the rotor body 
through radial slots, machined or punched in the copper 
windings. The hydrogen passes from the conductors 
through the creepage blocks and wedges to an "air gap" 
between the rotor and the stator, where it is directed 
through the stator core to the hydrogen coolers. 
[0004] At higher generator ratings, and consequently longer ro- 
tor body lengths, a gap-pickup diagonal-flow cooling 
process is employed. In this scheme, cold hydrogen is 
scooped up in the air gap between the rotor and stator 
and driven diagonally inwardly through the rotor field 
turns to directly remove the heat. At the bottom of the 
slot, hydrogen gas is turned and passes diagonally out- 
wardly through the field turns to the air gap in a discharge 
stator core section. The stator core ventilation is coordi- 
nated with the rotor cooling gas flow, thus creating an in 
and out flow of hydrogen through the stator core, through 
the rotor and returning to the hydrogen cooler through 



the core. 

[0005] The generator field windings consist of extruded copper 
that is drawn at a copper mill and then machined and fab- 
ricated into a usable coil. Within the last few years, these 
coils have been redesigned from square corner fabricated 
coils, to a "C" coil. The cross section of the copper to 
make these coils has essentially remained the same. The 
"C" coil has nevertheless been preferred because many 
benefits have been derived from that shape relating to 
cost, cycle time and quality. Nevertheless, in order to 
maintain a competitive stance in the marketplace, new 
copper designs are constantly being evaluated for in- 
creased performance. With the constant design changes, 
the cross sectional area of the copper has been increas- 
ing. When the thickness increases, radial air cooling ducts 
that are machined in by a punch operation become in- 
creasingly more difficult to produce. For example, con- 
ventional punch operations may produce an unacceptable 
bulge in a width dimension of the copper, and it is there- 
fore necessary to create a ventilation scheme for the in- 
creasing cross sections of the copper windings without 
unacceptable bulges in the width dimension. 

[0006] Furthermore, a design requirement that must be met as 



part of the industry standards on electrical generators in- 
cludes meeting specific temperature rise requirements 
within the capability of certain classes of insulation. One 
such design requirement is that the maximum field wind- 
ing temperature stay below a certain limit. In many venti- 
lated field windings, the hot spot temperature is the limit- 
ing factor in increasing power density. One method of re- 
ducing the hotspot includes increasing the ventilation flow 
and directing it to regions of high temperature. The dis- 
advantage of increasing flow is that it increases the 
pumping and windage losses which directly reduce gener- 
ator efficiency. Another method includes reducing the 
amount of heat generation in regions of high temperature. 
For example, one method of reducing the heat generation 
includes increasing the cross-section area of the field 
winding copper thereby reducing the resistance and the 
local heat generation. 
[0007] The assignee presently makes generator fields with a ta- 
pered slot to increase copper content thereby increasing 
the field thermal capability. In particular, recent genera- 
tors that use the tapered slot field include tapered slots 
with either square corner field winding designs or c-coil 
field winding designs. The tapered slot designs require 



turns of variable width as a consequence of the slot ge- 
ometry and may have in the past used thicker turns at the 
narrow portion of the taper. Furthermore, tapered slots 
are more costly to machine than parallel slots and turns of 
variable width in a stack are more complex for manufac- 
turers to make and assemble. 
[0008] it j S desired to reduce local hot spot temperatures on 

generator fields by reducing heat generation without uti- 
lizing variable width turns on a tapered slot design. 
Brief Description of the Invention 

[0009] The above discussed and other drawbacks and deficien- 
cies are overcome or alleviated by a method and appara- 
tus for reducing field hot spot temperatures through vary- 
ing the copper turn thickness. More specifically, the con- 
cept being proposed capitalizes on the ability to reduce 
local hot spot temperature by reducing the local heat gen- 
eration (i.e. by reducing the local resistance of the wind- 
ing through increasing the copper cross-section area). 
Thus, in the broader aspects, the invention relates to an 
end turn arrangement for windings in a rotor where indi- 
vidual turns are stacked in parallel sided radial slots in the 
rotor, with successive turns having the same width in a 
radial inward direction, the end turns of the individual 



turns of each stack being aligned along both edges defin- 
ing each slot, wherein the turn thickness is increased in 
regions of high temperature thereby reducing the temper- 
ature. An added benefit of having variable turn thickness 
is that it results in more uniform field temperatures which 
results in less thermal cycling, less fatigue, and longer 
part life as a result of the reduced temperature gradients 
between the field winding components. 
[0010] The above-discussed and other features and advantages 
of the present invention will be appreciated and under- 
stood by those skilled in the art from the following de- 
tailed description and drawings. 
Brief Description of the Drawings 

[0011] Referring now to the drawings wherein like elements are 
numbered alike in the several Figures: 

[0012] FIG. 1 is a side elevation view of a generator rotor having 
coil windings and retaining rings; 

[0013] FIG. 2 is a partial axial cross section of the rotor shown in 
FIG. 1, illustrating a conventional coupling between a re- 
taining ring and a rotor body taken along the line 2—2 of 
FIG. 1; 

[0014] FIG. 3 is a schematic view of the end windings of a rotor, 
illustrating conventional blocking between adjacent end 



windings; 

[0015] FIG. 4 is a schematic axial section of the end windings of a 
rotor having parallel slots; 

[0016] FIG. 5 is a schematic view similar to FIG. 4, but illustrating 
end windings for rotors with centered taper slots; 

[0017] FIG. 6 is a schematic diagram of eleven constant thickness 
turns in a parallel sided generator rotor slot; 

[0018] FIG. 7 is a schematic diagram similar to FIG. 6 but with 

eleven varying thickness turns in the parallel sided gener- 
ator slot in accordance with an exemplary embodiment; 

[0019] FIG. 8 is a graph illustrating the temperature vs. the 

length of some of the eleven constant thickness turns of 
FIG. 6; and 

[0020] FIG. 9 is a graph illustrating the temperature vs. the 

length of some of the eleven varying thickness turns of 
FIG. 7 indicative of reduced temperatures associated with 
field hot spots in accordance with an exemplary embodi- 
ment. 

Detailed Description of the Invention 

[0021] FIG. 1 illustrates a conventional rotor 10 for a generator 
(or motor). The rotor has a shaft 12 with a power turbine 
(or mechanical mode) coupling 14 and supported by bear- 
ings (not shown). The rotor shaft 12 also has a collector 



ring 16 that provides an electrical junction for the rotor 
field winding. 

[0022] The rotor has a large diameter body 18 that holds the coil 
windings 20. The rotor body has longitudinally oriented 
slots extending radially outwardly from the center of the 
rotor 10, and in which the individual turns of the windings 
20 are mounted. These slots extend the length of the ro- 
tor body, and annular retaining rings 22 cap both ends of 
the rotor body 18. The retaining rings are supported at 
one end by the rotor body (see FIG. 2). Adjacent the re- 
taining rings 22 are fans 26 that cool the retaining rings 
and other rotor components. 

[0023] As will be appreciated from FIG. 2, the retaining rings 22 
slide over the end of the rotor body 18 and are attached 
to the rotor body 18 by a conventional shrink fit process. 
The end turns 28 are enclosed by the retaining rings 22, 
which thus prevent radially outward movement of the end 
turns 28 by centrifugal forces generated by the rotor 10. 
The end turns 28 extend circumferentially about the rotor 
and are axially spaced from one another, while the turns 
between the ends lie parallel to the rotor axis and are cir- 
cumferentially spaced from each other. In each case, the 
spacing between adjacent coils is maintained by a prede- 



termined distance by means of blocks 30 as shown in FIG. 
3. 

[0024] | n FIG. 4, the spacer blocks 30 are shown at axially spaced 
locations between the end turns of the windings 28 of the 
coils. Note that the end turns are vertically aligned with 
parallel sides, typical of rotor configurations which employ 
parallel sided slots. The individual turns as they appear in 
the parallel sided slots of the rotor are shown in FIG. 6. 
For rotors which have tapered slots, however, the end 
turns 29 typically appear as shown in FIG. 5. Spacer blocks 
32 are shown at axially spaced locations between end 
turns of the windings 29 of the coils. 

[0025] FIG. 6 illustrates a conventional field winding copper con- 
struction wound on rotor body 18 having parallel sided 
slots 36, wherein the extruded copper has a substantially 
rectangular cross-sectional shape, including an upper 
side 42, a lower side 44 and opposite side edges 46 and 
48. In conventional systems, the slot contains layers of 
copper turns separated by layers of turn insulation. The 
extruded copper is optionally subjected to a punching 
process in order to provide a plurality of axially spaced 
holes along the length of the copper generally indicated at 
50. When a plurality of such field windings are stacked as 



shown in FIG. 6 at 60a, 60b, 60c, . . . .and 60k, the corre- 
sponding aligned holes 50 (e.g., 50a, 50b, 50c, . . . .and 
50k, respectively), form a direct radial coolant passage 
which, in a typical generator configuration, extends from 
an inner axially extending sub-slot, to the air gap be- 
tween the rotor and the stator. Individual windings are 
separated by strips of insulation (not shown). As can be 
seen in FIG. 1, many such radial ducts are provided along 
the length of the field winding copper and, for example, 
can be spaced as little as two inches apart. 
[0026] | n accordance with an exemplary embodiment, the rotor 
body 18 is formed with parallel sided slots 36 with refer- 
ence to FIG. 7. The coil construction is modified so that 
the eleven turns of windings 70a- 70k are of varying 
thickness of at least two different thicknesses, but all hav- 
ing substantially the same width corresponding to a con- 
stant width of the parallel sided slot 36 in which the turns 
are disposed. It will be recognized by one skilled in the 
pertinent art that the slot width and the width of a field 
turn are not equal. There is tolerance therebetween such 
that an insulator, called slot armor, is disposed in the slot 
insulating both sides of the field winding so that the field 
winding is aligned with, but not in contact with sidewalls 



or edges defining each slot. 
[0027] | n other words, each opposing side edge 46, 48 of each 
turn 70a-70k having at least one of two different thick- 
ness as illustrated in FIG. 7 is aligned along a correspond- 
ing common edge 72 defining a constant slot width (i.e. 
there is no taper) of each parallel sided slot 36 for pur- 
poses of reducing hot spot temperatures, which is a dif- 
ferent design intent than that utilizing a tapered slot. 
Thicker turns are disposed in regions of high temperature, 
for example, the top turns 70h-70k which generally ex- 
hibit higher temperatures in the class of electrical ma- 
chines in which the variable turn thickness concept is 
contemplated (e.g., large steam-turbine generators). In 
this manner, the increased cross sectional area afforded 
by the thicker copper turns reduces the electrical resis- 
tance therethrough, and thus, local heat generation rela- 
tive to using a thinner copper turn. A field winding design 
that utilizes more than one turn thickness to manage the 
heat generation reduces the localized maximum field 
temperature. Accordingly, replacing the layers of constant 
turn thickness turns (e.g., turns 60a-60k of FIG. 6) with 
layers of differing turn thickness, reduces local hot spot 
temperature by reducing the heat generation (i.e. by re- 



ducing the local resistance of the winding through in- 
creasing the copper cross-section area). Moreover, it will 
be recognized that increasing the copper cross-section 
area by replacement of the layers of constant turn thick- 
ness turns (e.g., turns 60a-60k of FIG. 6) with layers of 
differing turn thickness can be accomplished without in- 
creasing the number of turns and/or the net copper turn 
thickness (Net T ) of the copper turns as illustrated in FIG. 
7. 

[0028] FIGS. 8 and 9 illustrate a three-dimensional detailed ther- 
mal analysis performed with respect generator rotor 18 
being wound with a constant turn thickness as in FIG. 6 
and with a multiple turn thickness as in FIG. 7, represen- 
tative of two concepts. The net copper thickness (Net T ), 
number of turns, slot geometry and turn insulation thick- 
ness are identical in both cases. The only difference be- 
tween the two concepts is that one concept uses eleven 
turns of constant thickness and the second concept uses 
eleven turns of two different thickness. 

[0029] still referring to FIGS. 6-9, it will be recognized by one 
skilled in the pertinent art that the hot spot temperature 
indicated by peak temperatures of the top turns or turns 9 
and 11 generally shown at 80 using a two turn thickness 



dropped by about 7 °C from that of using a constant turn 
thickness. More specifically, it will be noted that the peak 
temperatures 80 occur along a length of turn numbers 9 
and 11, for example, at about 33 inches and at about 55 
inches having a peak temperature of about 146 °C indi- 
cated with line 84 in FIG. 9 and about 153 °C indicated 
with line 86 in FIG. 8. 
[0030] it is contemplated that a further reduction of hot spot 

temperature is possible if the slot contained three or more 
turn thicknesses. For example, in an alternative embodi- 
ment, a three copper turn thickness is contemplated. 
Turns 8-11 optionally having a copper thickness of 0.353 
inches, turns 5-7 having a copper thickness of 0.323 
inches, and turns 1-4 having a copper turn thickness of 
0.293 inches, all turns having a width of about 1.514 
inches, can be wound in a slot having a constant rotor 
duct width. As discussed above, it has been shown with 
reference to FIGS. 8 and 9 that a minimum improvement 
of 7 °C is obtained using a two turn thickness instead of a 
constant turn thickness in a parallel sided slot, while more 
than a 7 °C reduction is contemplated when employing a 
three or more turn thickness. In turn, a variable turn 
thickness provides less radial variation in temperature and 



reduced hot spot temperature along the coil side of the 
generator. 

[0031] By employing constant width turns of variable thickness 

(two or more) in a generator rotor, local heat generation is 
reduced in critical regions and is allowed to increase in 
less critical regions thereby obtaining an overall reduction 
in the hot spot temperature. This feature increases the 
entitlement on ventilated field windings thereby enabling 
increased power density and possibly improved efficiency. 
In particular, local heat generation is reduced by reducing 
the local resistance of the winding through increasing the 
copper cross-section area by increasing only the thick- 
ness while maintaining a constant width of the copper 
turns. 

[0032] while the invention has been described with reference to 
an exemplary embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 



to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the 
scope of the appended claims. 



